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Abstract
Introduction
Electronic health (eHealth) strategies are evolving making it important to have valid scales
to assess eHealth and health literacy. Item response theory methods, such as the Rasch
measurement model, are increasingly used for the psychometric evaluation of scales. This
paper aims to examine the internal construct validity of an eHealth and health literacy scale
using Rasch analysis in a population with moderate to high cardiovascular disease risk.
Methods
The first 397 participants of the CONNECT study completed the electronic health Literacy
Scale (eHEALS) and the Health Literacy Questionnaire (HLQ). Overall Rasch model fit as
well as five key psychometric properties were analysed: unidimensionality, response thresh-
olds, targeting, differential item functioning and internal consistency.
Results
The eHEALS had good overall model fit (χ2 = 54.8, p = 0.06), ordered response thresholds,
reasonable targeting and good internal consistency (person separation index (PSI) 0.90). It
did, however, appear to measure two constructs of eHealth literacy. The HLQ subscales
(except subscale 5) did not fit the Rasch model (χ2: 18.18–60.60, p: 0.00–0.58) and had sub-
optimal targeting for most subscales. Subscales 6 to 9 displayed disordered thresholds indi-
cating participants had difficulty distinguishing between response options. All subscales did,
nonetheless, demonstrate moderate to good internal consistency (PSI: 0.62–0.82).
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Conclusion
Rasch analyses demonstrated that the eHEALS has good measures of internal construct
validity although it appears to capture different aspects of eHealth literacy (e.g. using
eHealth and understanding eHealth). Whilst further studies are required to confirm this find-
ing, it may be necessary for these constructs of the eHEALS to be scored separately. The
nine HLQ subscales were shown to measure a single construct of health literacy. However,
participants’ scores may not represent their actual level of ability, as distinction between
response categories was unclear for the last four subscales. Reducing the response catego-
ries of these subscales may improve the ability of the HLQ to distinguish between different
levels of health literacy.
Introduction
For patients to be able to optimally manage their health, they require an adequate level of
understanding about their condition and associated management strategies [1–3]. This is
related to an individual’s level of health literacy and is an increasingly important area of
research particularly in people with chronic disease. Cardiovascular disease (CVD), for exam-
ple, is a major health burden for patients and often requires life-long behaviour changes across
multiple risk factors [4]. CVD management depends on active patient participation, which
requires a sufficient level of health literacy [5]. It has been shown that patients with CVD that
have a low level of health literacy are less likely to adhere to prescribed medications [4–6]. Sim-
ilarly, lack of adherence to prescribed medication has also been found to be associated with
inadequate or marginal health literacy [4].
Electronic health (eHealth) literacy has become increasingly relevant in recent years with
the development of eHealth tools to support healthcare delivery and management [7–9].
However, with these innovative developments eHealth literacy becomes an equally important
area of investigation. eHealth literacy is defined as “the ability to seek, find, understand, and
appraise health information from electronic sources and apply the knowledge gained to ad-
dressing or solving a health problem” [10]. The additional challenge of eHealth relates to the
skills required to use an electronic device as well as having an adequate level of health literacy
to effectively make decisions regarding health [2,9]. In order to ensure the existing scales for
health and eHealth literacy are clinically applicable, it therefore becomes important to examine
how they perform in various populations when developing, evaluating and implementing
health management strategies.
Several scales can be used to measure health literacy such as the Test of Functional Health
Literacy in Adults (TOFHLA) [11] and the Rapid Estimate of Adult Literacy in Medicine
(REALM) [12]. However, these scales assess different areas of health literacy which means that
an individual can have a very different level of health literacy depending on the scale used [13].
A more comprehensive measure of health literacy is the Health Literacy Questionnaire (HLQ)
[14]. In contrast, there are currently very few scales available to evaluate eHealth literacy [7].
One such scale is the electronic Health Literacy Scale (eHEALS) [15]. The psychometric prop-
erties of both the eHEALS and the HLQ have been examined using classical test theory and
item response theory methods. Prior studies using confirmatory factor analysis (CFA) have
demonstrated the eHEALS to be a valid and reliable scale [16,17]. More recent item response
theory studies have confirmed these findings [18,19] and demonstrated that the scale measures
the same underlying concept or construct. However, a recent study found that the eHEALS
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was not able to capture the full range of eHealth literacy levels in their study population (i.e.
ceiling and floor effects) [18]. The factor structure of the HLQ has also been tested with CFA
and three subscales tested were found to be measuring the same underlying construct [19]. It
has also demonstrated satisfactory reliability [14]. However discrimination between response
categories was questioned for three of the nine scales [14,20], suggesting that response catego-
ries could be revised to improve the scales measurement properties.
There is growing evidence to indicate that the Rasch measurement model, which measures
a scale’s internal construct validity, is the gold standard for psychometric evaluations of out-
come scales [21]. Rasch analysis has several well-recognised advantages over classical test theory
including analysis of item summation legitimacy, response category distinction, hierarchical
structure of item difficulty and discrepancies in item response for a given level of ability [22,23],
which all strengthen scale construct validation. Having valid scales is particularly relevant in a
population at risk for CVD where an adequate level of health literacy has been shown to
improve effective patient disease management [24]. Moreover, there has not yet been a Rasch
validation study in a population with CVD. Given that CFA may not fully resolve issues associ-
ated with the conceptual structures of psychological scales such as health literacy [20], further
evaluation using the Rasch measurement model is required to extend the current knowledge on
the validity of these scales. The aim of this study was to extend prior validation studies by exam-
ining the internal construct validity of an eHealth and a health literacy scale using Rasch analysis
to provide clinicians and researchers with information on the usefulness of these scales.
Materials and methods
Design
The internal construct validity of the eHEALS and the HLQ was analysed using Rasch analysis
in a population with moderate to high CVD risk. The first 397 consented participants in the
CONNECT (Consumer Navigation of Electronic Cardiovascular Tools) Study [25] comprised
the sample and completed the eHEALS and HLQ scales. All participants provided written,
informed consent and ethical approval was obtained from the University of Sydney Human
Research Ethics Committee (Project number 2013/091).
Participants and setting
Details of the CONNECT Study have been published elsewhere [25]. In brief, it is a randomised
controlled trial examining whether an eHealth strategy improves risk factor control when com-
pared with usual health care in patients at risk of or with CVD. Participants were recruited via
Australian primary care practices. To be eligible, they had to be 18 years or older, have access
to the Internet at least once a month (mobile phone, tablet or computer) and have moderate to
high risk for CVD. Moderate to high CVD risk was defined as (a) 10% 5-year CVD risk using
the Framingham risk equation; (b) a clinically high risk condition (Aboriginal or Torres Strait
Islander> 75 years, diabetes and>60 years, diabetes and albuminuria, estimated glomerular fil-
tration rate< 45 ml/min, systolic blood pressure180 mmHg, diastolic blood pressure110
mmHg, total cholesterol> 7.5 millimol); (c) an established CVD diagnosis (ischaemic heart dis-
ease, stroke/transient ischaemic attack, peripheral vascular disease). Participants with an insuffi-
cient level of English to provide informed consent or severe intellectual disability were excluded.
Scales used for assessment of eHealth literacy and general health literacy
The eHEALS was used to assess eHealth literacy (Study 1). This scale aims to measure an indi-
vidual’s perception of their knowledge and skills in relation to using electronic health
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information and determine whether an eHealth approach is suited to the individual [15,26]. It
is an 8-item scale with each item scored on a 5-point Likert scale (Table 1). The sum across the
eight equally weighted items is presented as a score out of 40. There is no fixed cut-off to dis-
tinguish high from low eHealth literacy but higher scores reflect a higher level of eHealth liter-
acy [15,27]. The scale was completed online directly by participants themselves.
The HLQ was used to assess health literacy (Study 2). This scale aims to measure an individ-
ual’s capacity to effectively use health information and services [14]. It is a 44-item question-
naire with 9 subscales (Table 1). Subscales 1 to 5 are scored on a 4-point Likert scale while the
subscales 6 to 9 are 5-point Likert scale. The score for the items in each subscale is summed
and divided by the number of items providing nine individual scores. There is no total score
across subscales. Although there are no fixed values to classify the level of health literacy, simi-
lar to the eHEALS, higher scores indicate higher health literacy in all subscales [14,28].
Model used to assess psychometric properties
The Rasch model was used to examine the psychometric properties of the eHEALS and HLQ.
Rasch analysis is a form of item response theory, where the ordinal ratings of the questionnaire
are transformed to estimates of interval measures that demonstrate the essential features of the
scale [23]. Analysis with the Rasch model provides difficulty measures for each item and ability
estimates for each participant located on the same measurement scale as a log of the odds
units, or logits. This allows expected and observed results to be compared and the internal con-
struct validity of each item to be determined [23]. This will determine how well the items and
participants fit the Rasch model i.e. overall model fit. We also examined five key psychometric
parameters detailed in Table 2. To ensure an appropriate degree of precision from the Rasch
analysis, a minimum sample size between 108 to 243 participants is required [29].
Table 1. Description of the eHEALS (electronic Health Literacy Scale) items and HLQ (Health Literacy
Questionnaire) subscales.
eHEALS
Item 1a I know what health resources are available on the Internet
Item 2a I know where to find helpful health resources on the Internet
Item 3a I know how to find helpful health resources on the Internet
Item 4a I know how to use the Internet to answer my questions about health
Item 5a I know how to use the health information I find on the Internet to help me
Item 6a I have the skills I need to evaluate the health resources I find on the Internet
Item 7a I can tell high quality health resources from low quality health resources on the Internet
Item 8a I feel confident in using information from the Internet to make health decisions
HLQ
Subscale 1b Feeling understood and supported by healthcare provider (4 items)
Subscale 2b Having sufficient information to manage my health (4 items)
Subscale 3b Actively managing my health (5 items)
Subscale 4b Social Support for health (5 items)
Subscale 5b Appraisal of health information (5 items)
Subscale 6c Ability to actively engage with healthcare providers (5 items)
Subscale 7c Navigating the healthcare system (6 items)
Subscale 8c Ability to find good health information (5 items)
Subscale 9c Understanding health information well enough to know what to do (5 items)
aResponse categories: strongly disagree, disagree, undecided, agree, and strongly agree.
bResponse categories: strongly disagree, disagree, agree, and strongly agree.
cResponse categories: cannot do, very difficult, quite difficult, quite easy and very easy.
https://doi.org/10.1371/journal.pone.0175372.t001
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Analysis
The CONNECT data were analysed using IBM SPSS Statistics 22.0 (IBM SPSS Statistics for
Windows Armonk, NY: IBM Corp), with the Rasch analysis completed using the RUMM2030
package using a partial credit model for polytomous data (RUMM Laboratory Pty Ltd, Perth,
Australia). Given that both the 8-item eHEALS and HLQ have multiple response category
options (e.g. ‘strongly disagree’ to ‘strongly agree’), a partial credit Rasch model was used to
examine the internal construct validity of both scales, which is not possible with, for example,
a two-parameter logistic (2PL) model. [21] To determine whether the observed data fit the
expectations of the Rasch model (overall model fit) the item-trait interaction statistic was used,
which were reported as a χ2 statistic. A significant value (p<0.05) indicated that the observed
data did not fit the expectations of the Rasch model [23]. It is important to keep in mind that
the χ2 test is sensitive to sample size, with larger samples having a tendency to generate a signifi-
cant value [32]. Model fit was also assessed by examining item-person interaction statistics,
where a residual standard deviation (SD) of>1.5 suggested there may be an issue with fit [23,33]
Table 2. Description of the five key psychometric parameters assessed in a Rasch analysis to test the psychometric properties of a scale.
Parameter Definition/Aim Measurement
Unidimensionality The extent to which the items of a scale measure a single
construct (or concept). All items must measure a single
construct for them to be summed.
Subsets of items were defined by positive and negative loadings
on the first factor extracted using a principal component
analysis of residuals [21,23,30]. Independent t-tests were then
used to compare person estimates derived from the two most
dissimilar subsets of scale items. The scale was unidimensional
if independent t-test <0.05 i.e. less than 5% show a significant
difference between their scores on the two subsets. If t-test
>0.05, the value of 5% should fall within the 95% CI around the
t-test estimate calculated with a binomial test of proportions
[23,31]
Response Thresholds Reflects the distance between response categories to
determine whether participants had difficulty discriminating
between them
Category probability curves [23] were used to identify the
presence of disordered thresholds and attempts to order them
were made by collapsing response categories. Response
categories were deemed ordered when each response
systematically had a point along the location/ability continuum
where it was the most likely response (indicated by a peak in the
curve)
Targeting Representation of the extent to which the spread of items
reflects the levels of ability (e.g. health literacy) within the
sample.
Person-item threshold distribution maps, which reflect the mean
location score obtained for the persons with that of the value of
zero, [23] were analysed for (1) the presence of ceiling/floor
effects i.e. whether extremes of ability were not accounted for
by the scale, (2) to ensure that all mid-ranges of health literacy
were also represented. A mean location for the persons would
be around zero for a well-targeted scale. Positive mean value
for the persons indicates that the sample is overqualified for the
scale (e.g. have higher health literacy) and negative values, the
opposite. [23]
Differential Item
Functioning (DIF)
Demonstrates whether different groups with equal ability
score a given item differently
Analysis of variance with a Bonferonni adjusted alpha level
(p < 0.05/(2*items) [23]. Subgroups analysed: age (<64, 64–69,
>69 years), gender (male or female), polypharmacy (active
consumption of >4 or <4 medications), level of education (none/
primary/secondary, university studies or technical/vocational
training). Uniform DIF is indicated by a significant main effect for
the person factor (e.g. age) and can be remedied by calibrating
the item for each group [23]. Non-uniform DIF is indicated by a
significant interaction effect and often indicates that there may
be an issue around item fit [23]
Person Separation
Index (PSI)
Reflects the internal consistency of the scale and the extent
to which items distinguish between levels of health literacy
(analogous to Crohnbach α)
PSI between 0.70–0.90 [23] with >0.90 indicating possible item
redundancy
https://doi.org/10.1371/journal.pone.0175372.t002
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as well as residual fit statistics of individual item- and person-fit statistic where values> ± 2.5
[33] indicated misfitting items or persons. The details of the five key psychometric parameters
assessed are described in Table 2 [27].
Results
Demographic characteristics of the 397 consenting participants are presented in Table 3. Three-
quarters of the sample were male, with a mean age of 66.3 years (SD 8.1), 88% were Caucasian
and the majority (79%) were married or in a defacto relationship. Due to incomplete scale com-
pletion, one participant was removed from both the eHEALS and HLQ for the Rasch analysis.
The mean total score for the eHEALS was 27.1 (range: 8–40; SD 6.67), 3.03 (range: 1–4; SD 0.52)
for the first five HLQ subscales and 4.19 (range: 1–5; SD 0.47) for subscales 6 to 9 (Table 4).
Study 1: eHEALS
The eHEALS met the Rasch model expectations as demonstrated by the χ2 item-trait interac-
tion statistic (p: 0.06) (Table 4). The scale did, however, indicate some degree of item misfit (fit
residual mean -0.65, SD 2.31) and person misfit (fit residual mean -0.81; SD 1.69) as reflected
in the item-interaction statistics [23]. Individual person-fit statistics also revealed several par-
ticipants with fit residuals > ±2.5, which could be due to the scale’s limitation of detecting mid
to high levels of eHealth literacy (see ‘Targeting’ lower down).
Table 3. Demographic characteristics of cohort.
Variable N = 397 (%)
Male, n (%) 304 (77)
Age (years)
<64, n (%) 122 (31)
64–69, n (%) 149 (37)
70, n (%) 126 (32)
Ethnicity
Caucasian, n (%) 353 (89)
Non-Caucasiana, n (%) 44 (11)
Relationship status
Married/Defacto, n (%) 316 (80)
Single/Divorced/Widowed, n (%) 80 (20)
Missing, n (%) 1 (0.3%)
Education qualification
None/Primary/Secondary school, n (%) 108 (27)
Undergraduate/Postgraduate degree or diploma, n (%) 208 (52)
Technical/vocational qualification, n (%) 81 (20)
Polypharmacyb 165 (42)
Home/work access to Internet 392 (99)
Income
$ <1,000 per week, n (%) 109 (28)
$ 1,000–2,000 per week, n (%) 126 (32)
$ >2,000 per week, n (%) 113 (29)
Participant chose not to answer, n (%) 49 (12)
Private health insurance, n (%) 322 (81)
aAboriginal/Torres Strait Islander/Pacific Islander/South Asian/Other Asia/Middle East/Mediterranean/Other.
bActive consumption of >4 medications.
https://doi.org/10.1371/journal.pone.0175372.t003
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Unidimensionality. We found limited evidence to support unidimensionality of the
eHEALS. Analysis using principal components analysis suggested that the eHEALS may be
measuring two separate constructs of the eHealth literacy (p = 0.13; 95% CI 0.11, 0.15), which
may indicate that items must be scored separately.
Response thresholds. Inspection of thresholds maps and category probability curves
showed ordered thresholds for the five response categories (‘strongly disagree’ to ‘strongly
agree’) used in the eHEALS scale, demonstrating that participants were able to distinguish
between response options.
Targeting. The eHEALS scale displayed reasonable targeting (Fig 1: overall spread of
items on bottom half matched spread of persons in top half) with a mean logit score of 0.64
(N.B. ideal: 0). The scale was not, however, able to detect small but clinically important
changes in participants with mid to higher levels of eHealth literacy (Fig 1: gap between logit 1
and 3 in the bottom half of the graph).
DIF (Item bias). No significant DIF (or item bias) was evident in the eHEALS for age,
gender, polypharmacy and education indicating no influence of these characteristics on
response to any of the items of the scale.
PSI (internal consistency). With a PSI of 0.90 (Table 4), the scale demonstrated good
internal consistency.
Table 4. Mean scores and overall Rasch model fit statistics, unidimensionality, thresholds and internal consistency of electronic Health Literacy
Scale (HEALS) and Health Literacy Questionnaire (HLQ)a.
Ideal eHEALS HLQ-1 HLQ-2 HLQ-3 HLQ-4 HLQ-5 HLQ-6 HLQ-7 HLQ-8 HLQ-9
Mean scores
(±SD)
N/A 27.1
(6.67)
3.38
(0.45)
2.93
(0.47)
2.90
(0.48)
3.12
(0.48)
2.79
(0.53)
4.29 (0.52) 4.12 (0.55) 4.07 (0.56) 4.28 (0.47)
Total item-trait
interaction
Total item χ2 54.80 27.10 51.58 46.97 30.51 18.18 15.64 60.60 36.24 23.72
df 40 4 8 15 10 20 5 24 10 10
p-value >0.05 0.06 0.00 0.00 0.00 0.00 0.58 0.01 0.00 0.00 0.01
Items
Fit residual (mean) 0 -0.65 -2.8 -2.61 -2.58 -2.27 -0.9 -3.06 -1.72 -2.56 -2.58
Fit residual (SD)c <1.5 2.31 0.68b 1.74 2.34 b 2.19b 1.35b 0.79b 2..51b 0.63b 1.01b
Persons
Fit residual (mean) 0 -0.81 -0.68 -0.74 -1.02 -0.94 -0.76 -0.96 -0.80 -0.89 -1.01
Fit residual (SD)c <1.5 1.69 0.72 0.89 1.52b 1.43b 1.43b 1.15 1.19b 1.16 1.41
Unidimensionality
% signification t-
tests
<5% 12.60% 1.52% 3.54% 4.04% 3.79% 4.81% 5.05% 2.02% 3.79% 11.10%
(CI) (lower
limit
<5%)
(0.11 to
0.15)
(-0.01 to
3.7)
(1.4 to
5.7)
(1.0 to
6.2)
(1.6 to
5.9)
(2.7 to
6.9)
(2.9 to 7.2) (1.0 to 4.2) (1.6 to 5.9) (9.0 to 13.3)
Thresholds
(Disordered items)
Ordered Ordered Ordered Ordered Ordered Ordered Ordered Disordered
(25)
Disordered
(24, 34, 42)
Disordered
(26, 29, 33,
41)
Disordered
(28, 35, 40,
44)
Person-separation
indexc
>0.70 0.90 0.77 0.75 0.75 0.72 0.77 0.64 0.82 0.64 0.62
aAs analysed using RUMM2030 (Rumm Laboratory Pty Ltd., Perth) for Windows.
bContains individual item or person misfits and/or redundancies.
cRasch based reliability statistic (analogous to Cronbach’s alpha).
SD, standard deviation; df, degrees of freedom.
https://doi.org/10.1371/journal.pone.0175372.t004
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Study 2: HLQ
Only subscale 5 met the Rasch model expectations for good overall model fit (χ2 item-trait
interaction statistic <0.05). The remaining HLQ subscales did not reflect hierarchical ordering
of the items across all levels of health literacy (Table 4). Inspection of individual item-fit statis-
tics revealed the presence of misfits and redundancies (S1 Table).
Unidimensionality. All subscales, apart from subscale 9 (p = 0.11; 95% CI 0.09, 0.13), dis-
played unidimensionality.
Response thresholds. Ordered thresholds were obtained for subscales 1 to 5 (‘strongly
disagree’ to ‘strongly agree’). However, inspection of category probability curves for subscales
6 to 9 showed that participants had difficulty distinguishing between their response categories
(‘cannot do’ to ‘quite easy’), as seen by the confluence of peaks in Fig 2A. When the response
categories ‘very difficult’ and ‘quite difficult’ were collapsed into one category, response thresh-
olds for these subscales became ordered (Fig 2B: distinct peaks for each response category).
Targeting. Targeting was suboptimal for all subscales of the HLQ (mean logit: 1.02 to
4.26) indicating the sample was slightly overqualified for the level of health literacy measured
by the scale. This was further highlighted by the ceiling effect (Fig 3: absence of items in bot-
tom half of graph for higher levels of health literacy represented on the top half). There were
also gaps in the mid to high health literacy range.
DIF (Item bias). Uniform DIF (p<0.05) was observed in HLQ subscales 2, 3, 4 and 8 for
education, polypharmacy, gender and age, respectively. Subscale 3 displayed non-uniform DIF
(p<0.05) for item 13 (“Despite other things in my life, I make time to be healthy”). However,
in all cases, the DIF was not marked and isolated to one item per subscale with minor effect on
each respective subscale.
PSI (internal consistency). The PSI varied between 0.62 and 0.82 indicating moderate to
good internal consistency for all nine HLQ subscales (Table 4).
Discussion
This study found that the eHEALS had good overall fit to the Rasch model, distinct response
categories, no item bias and reasonbale targeting. This provides evidence supporting the use of
the 8-item eHEALS as a measure of eHealth literacy with higher scores truly representing
Fig 1. Targeting of the eHEALS as demonstrated by the person-item threshold distribution.
https://doi.org/10.1371/journal.pone.0175372.g001
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higher levels of eHealth literacy. All subscales of the HLQ except for subscale 5, on the other
hand, did not fit the Rasch measurement model and had suboptimal targeting. Nevertheless,
all subscales apart from subscale 9 did demonstrate unidimensionality, had no major item bias
and moderate to good internal consistency. This indicates that the HLQ suitably measures
nine aspects of health literacy. Both scales were, however, unable to reflect mid to high ranges
of health literacy. Consequently, when they are used to measure changes in ability over time,
an individual would have to acquire a substantial increase in health or eHealth literacy for it to
be reflected in their score. This could account for the presence of misfitting items and persons
and highlights the potential for further scale testing and refinement.
Prior studies using factor analysis or principal component analysis (PCA) and item
response theory (IRT) have found the eHEALS to be internally consistent (Crohnbach α: 0.87
to 0.94) with modest to good stability [7,16,17,34] and have supported the construct validity of
the scale. The high internal consistency found in this study (PSI: 0.90) further supports these
findings [7,16]. A recent study using IRT in a population with diverse chronic diseases demon-
strated good model fit and distinct response categories for the eHEALS [19]. Good model fit
Fig 2. Category probability curve showing (a) disordered thresholds in HLQ subscale-9, Item 26 (b) ordered
thresholds when response categories ‘very difficult’ and ‘quite difficult’ are collapsed into one.
https://doi.org/10.1371/journal.pone.0175372.g002
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was also found in another IRT study (in a student population and adults who use the Internet)
with similar findings around targeting, notably a marked ceiling effect [18]. Unlike the current
study, however, response categories were not distinct in the ‘strongly disagree’ and ‘disagree’
categories [18]. Further research is needed to test whether reducing the number of eHEALS
response categories would better reflect the range of eHealth literacy levels.
Contrary to our findings, previous studies using classical test theory and item response the-
ory (in a student population, healthy adults using the internet and patients with rheumatic
disease) have supported unidimensionality of the eHEALS [17,34]. In our analysis, we identi-
fied two constructs, or concepts, of eHealth literacy: (1) items 1–5 (around knowledge about
resources) and (2) items 6–8 (around evaluation of resources). A Likert-scale, such as the
eHEALS, depends on unidimensionality to be able to sum its items [35]. A possible explana-
tion for this discrepancy may be related to the age of the population studied with this study
focusing on an older population (mean age: 66 years old). It could be that the knowledge to
use the Internet and the ability to evaluate online resources are two distinct skills for an older
population but not for a younger one that is more familiar with the electronic medium. Fur-
ther research is therefore required in different populations to explore whether the eHEALS is
indeed composed of two separate constructs, which may then mean summing item scores
across constructs is not appropriate.
The HLQ has previously been found to have a good level of construct validity and a com-
posite reliability of0.8 for almost all subscales [14,36]. However, the scale developers had
noted that participants had difficulty distinguishing between the response categories for sub-
scales six to nine (‘very difficult’, ‘quite difficult’, ‘quite easy’ and ‘very easy’) [14]. This was
confirmed in their follow-up paper using a Bayesian model approach where subscales six to
eight were found to have disordered thresholds [20]. Similar findings were observed in this
Rasch analyses as subscales six to nine displayed disordered thresholds. Disordered thresholds
are not uncommon in scales with multiple response categories or when wording between
them is similar [23,35]. If participants are not able to distinguish between response categories,
the sum of the items does not truly reflect the individual’s ability i.e. selecting ‘quite’ difficult
would be equivalent to selecting ‘very difficult’. The Rasch analysis demonstrated that collaps-
ing two response categories (‘very difficult’ and ‘quite difficult’) resulted in ordered thresholds.
This improved the ability for participants to distinguish between the response categories and
Fig 3. Targeting of the HLQ subscale-4 as demonstrated by the Person-item Threshold Distribution.
https://doi.org/10.1371/journal.pone.0175372.g003
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ultimately, could enable healthcare providers to accurately measure the range of health literacy
levels.
This is the first study to have assessed and compared the internal construct validity of the
eHEALS and the HLQ scales using Rasch analysis in a population with CVD. Validation of
such scales is particularly important in order to accurately measure the health literacy of
patients with chronic disease, such as CVD, who are active participants in the management of
their health. This study was able to provide new insight into the measurement properties of
two commonly used scales for eHealth and health literacy by comparing prior findings. It was
also able to provide information regarding item bias (ie. DIF), which has not yet been exam-
ined in the eHEALS. Furthermore, Rasch was able to analyse several psychometric aspects
of the scale, such as the hierarchical structure of items, ordering of response categories, DIF
and the summation of the scale, which are beyond the scope of classical test theory. We were,
therefore, able to highlight aspects of both scales which require further investigation such as
whether the eHEALS measures two distinct constructs of eHealth literacy and provide further
support for rescoring subscales six to nine of the HLQ response categories in order to better
reflect hierarchical distribution of health literacy. Further validation is now required to test
these changes in a different population.
This research does have several limitations. Firstly, the cohort is mostly male and the group
is known to have home Internet access, reducing generalizability of the findings. Secondly,
both scales had many misfitting items and persons, which may in turn have contributed to
the degree of misfit observed between the data and the Rasch measurement model. However,
achieving model fit would have entailed deletion of items or persons, which was beyond the
scope of this paper. Thirdly, this study did not seek to confirm whether individuals with higher
eHealth or health literacy scores truly had better disease management. This is particularly
noteworthy since a Dutch study found that perceived skills as measured by the eHEALS did
not predict actual performance [34], although it is the only study to have done this analysis
and further research is required to confirm this finding. Furthermore, we were not able to
assess the external validity of both scales, which is an important area of health literacy. Finally,
Rasch analysis is one among many tools for internal construct validity and the results of this
study should be considered among the already existing validation work that has been done on
these two scales.
Conclusions
Electronic resources are valuable tools to access health information, however, patients must
acquire the skills to effectively engage with and benefit from the plethora of resources available
online. This is particularly true for CVD in which disease management and prevention depend
largely on patients’ health literacy. For healthcare providers to optimally assess a patient’s level
of health literacy, valid and reliable scales are essential. This study demonstrates the good psy-
chometric properties of eHEALS and highlights that the HLQ appropriately measures its nine
distinct aspects of health literacy. Further research is now needed to determine the extent to
which higher eHEALS scores correctly identify those individuals with greater eHealth capaci-
ties and whether collapsing response categories in the last four subscales of the HLQ improves
boundaries between response categories.
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